Staphylococcus epidermidis is a human commensal and pathogen worldwide distributed. In this work, we surveyed for multi-resistant S. epidermidis strains in eight years at a children health-care unit in México City. Multidrug-resistant S. epidermidis were present in all years of the study. Resistance to methicillin, beta-lactams, fluoroquinolones, and macrolides were included. To understand the genetic basis of antibiotic resistance and its association with virulence and gene exchange, we sequenced the genomes of 17 S. epidermidis isolates. Whole-genome nucleotide identities between all the pairs of S. epidermidisstrains were about 97% to 99%. We inferred a clonal structure and eight Multilocus Sequence Types (MLST´s) in the S. epidermidis sequenced collection. The profile of virulence includes genes involved in biofilm formation and phenol-soluble modulins (PSMs). However, half of the S. epidermidis analyzed lacked the icaoperon for biofilm formation. Likely, they are commensal S. epidermidis strains but multi-antibiotic resistant.
166
167 Recombination. Inference of recombination was performed with ClonalFrameML (Didelot and 168 Wilson, 2015) . First, we ran GET-HOMOLOGUES to obtain the common protein clusters 169 encoded by the genomes of each set of SE strains (Contreras-Moreira and Vinuesa, 2013). 170 Second, they were converted to nucleotide sequences and concatenated using homemade Perl 171 scripts. Multiple alignments were made as described above for phylogeny construction. Third, a 172 RAxML (Stamatakis, 2015) tree was done to obtain the Newick format and the 173 transition/transversion parameter for running ClonalFrameML under default parameters 174 (Didelot and Wilson, 2015) . Z-score statistics were obtained for all the sets of SE genomes and 175 p-values using the web application Z Score Calculator 222 genome sequence of the 17 strains. After testing different parameters with the assembler 223 programs Velvet and Spades (Zerbino, 2010; Bankevich et al., 2012) , we obtained draft genomes 224 assemblies consisting about 92 up to 432 contigs with a 60-70x average sequence coverture per 225 genome (Table S1 ). To assert that the 17 assemblies represent a substantial part of the SE 226 genomes, we compared the total genome length, and the number and length of the predicted 227 ORFs, with 11 complete genomes of SE downloaded from GenBank (Table S2 ). There were no 228 differences between the genome length of the SE INPer genomes and the complete genomes 229 from the GenBank (unpaired t-test = 2.33; p-value = 0.022), in ORFs number (unpaired t-test = -230 1.68; p-value = 0.117), or ORFs length (unpaired t-test = 2.60; p-value = 0.014) (Table S2) To know the phylogenetic relationship of the SE INPer strains in the context of reference SE 251 strains, we did an un-rooted ML phylogenetic tree using the predicted 1575 concatenated core 252 proteins (Fig. 2 ). There were three clades separated by the largest branches in the tree that 253 comprise most of the SE INPer strains, and one or more SE strains isolate worldwide ( Fig. 2 Thomas et al., 2007) . 270 The analysis showed a total of 8 different STs; seven of them already recorded in the database. 271 The S10 strain had an unassigned ST in the database and only differed by a single amino acid 272 substitution in the YqiL protein (370L to C). The ST2, ST5, and ST23 are worldwide distributed 273 and are the most represented in our sample Lee et al., 2018) . In agreement 274 with global data, ST35, ST59, ST81, ST89 are less frequently represented. The clonal 275 relationships among STs determined by eBURST, indicate that founder clones are ST2 and ST5, 276 whereas the other four STs (ST 59, 81, 89 and 23), are peripheral clones mostly related to each 277 than to the primary founder clones (Fig. S5) .
278 279 Virulence genes. There are a few virulence genes characterized exclusively in SE in comparison 280 to those found in S. aureus (Otto, 2009) . Several known virulence genes of SE are shared by 281 commensal and pathogenic strains (Otto, 2009 ). Among them, we found the cluster icaADBCR 282 (biofilm formation) in nine out of the 17 SE INPer genomes analyzed, except for icaC, absent in 283 strain S05 (Table 1) The SE INPer strains were tested for their 290 susceptibility to methicillin and other -lactams antibiotics. All the 17 SE strains have the -291 lactamase gene (blaZ) and their regulators (blaR and I), which are probably responsible for the 292 broad resistance spectrum to penicillin, carbapenems, and cephalosporins determined by VITEK 293 system (Table 2) . Only the INPer SE S10 and S16 strains were susceptible to methicillin while 294 for the 14 resistant strains the presence of the mecA gene was confirmed in the genomes (Table 295 1). The gene mecA encodes for a penicillin-binding protein (PBP) carried in a mobile element 296 known as Staphylococcal Chromosomal Cassette or SCCmec (International Working Group on 297 the Classification of Staphylococcal Cassette Chromosome, 2009). By localizing the 298 recombinases ccrA, B, and C, as well the mecA genes in the contigs of the respective genomes, 299 and then constructing phylogenies including known SCCmec recombinase genes we classified 300 the SCCmec types of the SE INPer strains (Table 1; Fig. S6 ). The analysis demonstrated the 301 presence of the community-acquired SCCmec type IV cassette in 13 out of 14 methicillin-302 resistant strains. The SE INPer strains S10 and S16 lack the SCCmec cassette, and no mecA gene 303 was detected. Although the S21 strain has a mecA gene, we were unable to find other gene 304 elements to show the presence of a mec cassette. Moreover, INPer strains S07, S09, S13 strains 305 contain an additional SCCmec type VIII cassette in tandem with the SCCmec IV cassette. The 306 S07 strain carries a contig of 36535 bps of the SCCmec type IV and VIII, suggesting the 307 probable structure of the recombined cassette (Fig. S7 ).
309
The genomic analysis revealed that some SE strains studied here included genes for resistance to 310 fluoroquinolones, macrolides, sulfonamides, aminoglycosides, tetracycline, and other antibiotics 311 not used as the first choice in clinical therapy ( Table 2 ). The results given in Table 2 corroborate 312 that in most of the cases, the probable gene responsible for the resistance is present in the 313 genomes. Besides, non-synonymous mutations in the antibiotic target proteins GyrA and RpoB 314 were identified in some SE strains resistant to quinolones and rifampicin. Despite other INPer SE 315 strains lack these mutations, they still were resistant to these antibiotics. Then, other mutations in 316 the antibiotic target protein or other genetic mechanisms not yet known would be responsible for 317 these resistances.
318
319 Mobile genetic elements. The genomic variability observed in the INPer SE strains suggests 320 active processes of recombination and gene exchange. To study this concern, we first look for 321 prophages and CRISPR-Cas related systems in the genomes. Prophage footprints were found in 322 10 out of 17 genomes of the SE strains. The most significant prophage hits detected by PHAST 323 program, were for genomic regions spanning about 28 to 95 kb that include an attachment site, a 324 signature of lysogenic phages (Table S4 ). In this analysis, prophages were 325 found integrated into the genomes of some SE strains, such as CNPH82 found in the SE strains 326 S14, S17, and S18 (Daniel et al., 2007) . Some other prophages such as StB20 and SpBeta were 327 present in S03 and S16 strains respectively and, the prophages IPLA5 in strain S07 and IPLA7 in 328 S12 and S15 strains (Gutierrez et al., 2012) . In the remaining SE strains, prophages sequences 329 were not detected. 330 331 SE strains have also acquired defense mechanisms against phage infection. The search for 332 CRISPR-Cas immune systems results in nine out of 17 SE INPer strains carrying a CRISPR-Cas 333 Type III system. It is constituted by Cas1 and Cas2, responsible for spacer processing and 334 insertion, ribonuclease Cas6, and the cascade proteins Csm1 to Csm6, involved in the processing 335 of the target transcript (Table S5 ). The CRISPR-Cas Type III system has been already reported 336 in SE to confer immunity to phages as well as to conjugative plasmids (Marraffini and 337 Sontheimer, 2008; Marraffini, 2015) . Although the enzymatic organization of the CRISPR-Cas 338 systems is remarkably conserved in SE, there are variations in the array of repeats and spacers in 339 the CRISPR loci. Three distinct types of identical repeated units of 30 or 36 nucleotides, 340 associated with specific sequence spacers have been described (Marraffini, 2015) . Three spacers 341 that correspond to the CRISPR loci found in the strains S02, S05, and S24, match precisely with 342 a sequence in the Staphylococcus phage PH15 genome for the first two strains and the 343 Staphylococcus phage 6ec genome for the last (Daniel et al., 2007; Aswani et al., 2014) . 344 345 SE strains harbor many ISs, belonging to different families (Table S6 ). The presence of IS256 346 has been found within pathogenic SE, associated with biofilm formation and virulence 347 (Kozitskaya et al., 2004; Murugesan et al., 2018) . Among the strains of our collection, there is a 348 clear relationship between strains having the IS256 and the presence of the ica operon, 349 confirming previous observations. Exceptionally, only the strain S21 has the ica genes but lacks 350 IS256. Table S3 ). A median average r/m rate about 6.9 was calculated when the 17 SE 357 INPer were tested, suggesting that nucleotide substitutions by recombination are more frequent 358 than random point mutations (Vos and Didelot, 2009 ). Every COG class shows r/m values equal 359 or higher than the estimate for the complete set of 17 SE genomes. Indeed, the r/m values on 
Figure 3
Distribution of accessory genes in the SE genomes.
The heat-map profile was performed with the ggplot2 function in R using the Bray-Curtiss dissimilarity matrix. The Bray-Curtiss dendrogram is indicated at the left. The heat-map at the middle indicates gene presence (blue color); empty cells represent the absence of genes.
SE strains are shown at the left with the same colors of the clades in the core proteins phylogeny ( Fig. 1) : red, clade A; blue, clade B; green, clade C; yellow, clade D. In the last column. the presence/absence of genomic regions similar to known prophages is indicated (Table S4 ).
Figure 5
Genome-wide recombination between SE strains. 
